Introduction
South Africa has never experienced an epidemic of the magnitude of the HIV/AIDS epidemic. The routine surveillance conducted by the Department of Health has shown that among pregnant women attending public health clinics for antenatal care, the prevalence has increased from less than 1% in 1990 to 25% in 2001 Work is continuously underway to improve the model and incorporate the latest available data.
Preliminary estimates suggest from the next cycle of modelling that the next revision will probably be about 10% lower than the estimates in this booklet. The sum of the provincial projections produced by the ASSA2000 provincial version does not exactly equal the full projection for the country as a whole. There are several reasons for this discrepancy, some linked to the structure of the model; however, a further reason is that the full projection for the country as a whole assumes, for illustrative purposes only, no interventions on the part of government to address the epidemic and no behavioural change on the part of individuals. For the provincial modelling, however, interventions and changes are assumed for the Western Cape alone. The reason for this is that at the time of releasing these models the Western Cape was the only province with a clearly articulated intention for rolling out these programmes. For the Western Cape the projections assume interventions in respect of treatment of sexually transmitted diseases, mother-to-child transmission prevention, and behavioural changes such as reduction in the number of partners and increase in condom usage.
For the sake of consistency, the national figures reported below are the sum of the nine provinces, where the sum could be obtained by simple summation, rather than the figures produced by the full national projection. However, in cases where the data represent a rate rather than an absolute number, the rates produced by the full national model have been used.
The course of the epidemic
Nationally, the epidemic can be considered to be entering the mature phase. Assuming a worst-case scenario with no changes in behaviour and no interventions, the ASSA model estimates that 6,5 million people are infected with HIV in the year 2002. The top right-hand figure on this page shows that the total number of people infected with HIV is reaching its peak, which is the natural course of
The waves of the AIDS epidemic (no change scenario) the epidemic. This is because the number of new infections has slowed down and because people who are infected are dying, as shown in the two figures on the left-hand side on this page. Incidence, the number of people who are newly infected, peaked in about 1998 and has begun to decrease. However, the number of people dying from AIDS each year has only now started to increase. Without interventions to reduce mortality, it will peak in about 2010. In turn, this mortality will result in increasing numbers of children who are orphaned. The number of maternal orphans who are under 15 years of age will peak in about 2015.
Provincial variations
The antenatal data reveal that the spread of the epidemic has differed between the provinces. The projections of the prevalence among pregnant women attending public sector services for each of the provinces are shown in the graph below. The provinces differ in terms of ultimate plateaux, ranging from a low of 14% for the Western Cape to a high of nearly 40% for KwaZulu-Natal. Four of the nine provinces appear to be following similar epidemics while the epidemic in KwaZulu-Natal Projected prevalence among antenatal attenders (no change scenario) appears to have started earliest and is expected to peak at the highest level. The epidemic in the Northern Province, Northern Cape and the Western Cape are expected to level off at lower levels than the others. The Eastern Cape is beginning to reveal a distinctive pattern, with a much slower increase and no plateau by the year 2010. ).
Of the total, some 51,1% are female. This percentage is slightly lower than the 51,8% recorded in the 1996 population census. Females outnumber males in all provinces except Gauteng, where females account for 49,5% of the provincial population. The percentage of females is highest in the Eastern Cape, where it reaches 52,8%. KwaZulu-Natal is the most populous province, and accounts for just over one-fifth (20,6%) of the total population. Gauteng accounts for a further 18,8%. Northern Cape is the smallest province in terms of population.
Births
The ASSA model predicts a total of over 1,1 million births for the period 1 January to 31 December 2002. KwaZulu-Natal accounts for over one-fifth (21,6%) of these births. Of all babies born during this period, about 69 000 (5,9%) are estimated to have been infected at birth, while more than a further 20 000 will become infected through mother's milk during the year. The percentage of babies infected ranges from a high of 8,3% in KwaZulu-Natal, to a low of 1,5% in Western Cape. EC  FS  GT  KZ  LM*  MP  NC  NW  WC  SA  Uninfected births  192 233 62 517 176 272 237 774 153 512  77 083  20 922  86 710  91 452  1 098 476  HIV+ births  11 280  4 366  10 500  21 430  8 344  5 748  5 748  746  5 435  1 364  69 213  Infected by mother's milk  3 304  1 295  3 123  6 404  2 460  1 712  224  1 611  443 20 162 * The model does not fit this province very well and as
The model does not fit this province very well and as a result probably overstates the impact of the epidemic. a result probably overstates the impact of the epidemic.
People living with HIV/AIDS
The ASSA model estimates that there were 6,5 million people in South Africa living with HIV/AIDS on 1 July 2002. Of these, over 6,1 million (95,1%) were in the age group 18-64 years. This is also the age group which is most likely to form part of the labour force. An estimated 3,2 million women of child-bearing age (15-49 years), were living with HIV/AIDS. This group accounted for around half (49,5%) of all infections. In all adult age groups, there were more women than men living with HIV/ AIDS. The gender imbalance is most stark among youth, aged 15-24 years, where there were close on four infected young women for every infected young man. The numbers of children under the age of 15 years infected is relatively small when compared with the numbers for other age groups below the age of 65. The main source of infection for children is perinatal and mother's milk, rather than the sexual transmission which is the main source for adults.
KwaZulu-Natal accounts for 27% of total infections, and between 25,7% and 27,6% of infections in all the adult groups. It accounts for 30% or more of infections among youth and children. Gauteng accounts for 22,4% of infections overall, and as much as 26,0% of infections among adult men aged 18-64 years. However, it accounts for only 13,5% of infections among youth, and 15,3% of infected children. Eastern Cape accounts for 12,4% of infections among adults, but a higher percentage (16,3%) than Gauteng among youth. These patterns are more a reflection of the age and race profiles of the different provinces than the differences between the epidemic in the provinces. The patterns also affect the spread of the disease in each province in subsequent years. Prevalence is highest among women of child-bearing age, at 25,9% overall, and 34,5% in KwaZulu-Natal. Among those attending antenatal clinics, prevalence is predicted to be 29,0% for the country as a whole, and 38,7% in KwaZulu-Natal. Prevalence is much higher for female youth than male youth, at 21,6% and 5,8% respectively. Among adults, however, the gender difference varies between provinces. For the country as a whole, prevalence is marginally higher for adult women than adult men. However, prevalence is lower for women than men in Free State, Gauteng, KwaZulu-Natal and North West.
Incidence rate
The incidence rate is the percentage of people who are uninfected at the beginning of the period who will become infected over the twelve months. It is a better measure of where we are in the epidemic than prevalence. For the total population, the incidence rate is estimated to be 2% for the twelve months starting 1 July 2002, and has peaked in all provinces. The incidence rate is highest for new births, at 6%. It is next highest for babies in their first year who become infected primarily through mother's milk.
Although KwaZulu-Natal has the highest prevalence rates, its incidence rates are not the highest. For example, the incidence of infection in Free State is higher than that in KwaZulu-Natal for all age groups except babies. Western Cape has the lowest incidence rates for all age groups. The model does not fit this province very well and as a result probably overstates the impact of the epidemic. a result probably overstates the impact of the epidemic. ** The incidence for mother
The incidence for mother's milk is calculated here as the number of new infections in 2002 through breast milk as a s milk is calculated here as the number of new infections in 2002 through breast milk as a percentage of babies born uninfected during the year percentage of babies born uninfected during the year. The model does not fit this province very well and as a result probably overstates the impact of the epidemic. a result probably overstates the impact of the epidemic.
Prevalence

Stages of infection
A person who is HIV-positive typically passes through several stages of infection. The table below shows the proportion of those infected in each of four stages according to the WHO staging system. Those in stages 1 and 2 will be relatively asymptomatic, those in stage 3 will be suffering weight loss and bouts of illness from opportunistic infections, and those in stage 4 will have full-blown AIDS. Typically, a person not receiving treatment will die within a year to a year and a half of reaching this stage 4.
People who are sick with AIDS The model does not fit this province very well and as a result probably overstates the impact of the epidemic. a result probably overstates the impact of the epidemic.
Mortality statistics
By causing additional deaths, HIV/AIDS impacts on mortality statistics. In 2002, the infant mortality rate is 59 per 1 000 live births for the country as a whole, while the child mortality rate -the number of children per 1 000 births who die before reaching age five -is 100. Adult mortality as measured by the probability that a person aged 15 will not reach the age of 60 years ( 45 q 15 ) is 43% for women, 56% for men, and 50% for both sexes combined. Male life expectancy at birth is 50 years while female life expectancy is 55 years. On each of the mortality measures except infant mortality, KwaZulu-Natal performs worse than all other provinces while Western Cape performs best on all measures.
All the mortality measures show a marked increase over the last few years. For example, in 1990 the infant mortality rate was estimated to be 52 per 1 000 births, childhood mortality stood at 71 per 1000, adult mortality was 30% and life expectancy was over 61 years.
Maternal orphans
Defining an orphan as a person under the age of 18 years whose mother has died, it is estimated that there were over 885 000 orphans in South Africa in July 2002. Of the overall total, 38% would have been orphaned as a result of AIDS. In Mpumalanga and KwaZulu-Natal, approximately half of all maternal orphans were orphaned as a result of AIDS. KwaZulu-Natal and Gauteng between them currently account for over half (53%) of all AIDS orphans. Although it is common practice to use age 15 as the limit, using age 18 gives a better measure of the burden to be borne by the provinces. For comparative purposes we have used age 15 in the individual provincial profiles later.
During the year starting 1 January 2002, over 204 000 children will be newly orphaned. In all provinces except Western Cape, more than half of all orphans are due to AIDS. Overall, AIDS will account for close on three-quarters (73%) of all new orphans. It will account for 81% of the new orphans in KwaZulu-Natal. The model does not fit this province very well and as a result probably overstates the impact of the epidemic. a result probably overstates the impact of the epidemic.
Prevention
To date, the government's strategy in respect of HIV/ AIDS has focused on prevention. The 
Introduction
The previous section of this report presents a snapshot for 2002 of the national and provincial situation in respect of HIV/AIDS. The introductory discussion explains that the differences in the situation across provinces are partly a result of differences in the stage of the epidemic reached and partly a result of different patterns of the epidemic across provinces. These two differences become clearer when we look at patterns over time. This section therefore presents a series of figures and accompanying tables for each province that show the change in key indicators over the period 1990 to 2010.
The first graph for each province shows the predicted total population, total number infected with HIV/AIDS, the number who are sick with AIDS, and cumulative AIDS deaths for each year from 1990 to 2010.
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The second graph shows infant, child and male and female mortality rates for each year of the period. The third graph shows the predicted number of children under 15 years who have lost their mother due to AIDS and other causes for each year. The estimates on which the graph is based differ from those in the previous section of this booklet, which refer to maternal orphans under 18 years of age. The relevant estimates for the larger age group would be approximately 30% higher than those shown in this section. The final graph for each province shows the population pyramids for 2000 and for 2010.
Provincial profiles 1990-2010
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In 1998 the AIDS Committee of ASSA decided to develop the model further. There were several reasons for this: • The ASSA500 model represented the epidemic in a hypothetical black African population, rather than the population of the country as a whole; • There were concerns about the accuracy of the preliminary results of the 1996 census and there was a need for national estimates that attempted to correct for suspected deficiencies which also took into account any likely demographic impact of HIV/AIDS; • Many South African demographers were continuing to ignore the impact of AIDS in their projections of the South African population; • The ASSA500 model had inherited a number of demographic shortcomings from the Metropolitan model, particularly the assumptions of constant fertility and non-HIV mortality over time and the assumption of no international migration.
The result was an Excel 95 workbook designated ASSA600, released to the public in early 1999. The model was designed to be appropriate for use as a national population model for the Pattern II (heterosexual) HIV epidemic found in South Africa. The base model contained a scenario that reflected its builders' best estimates of values for the model parameters and was calibrated to fit the antenatal data up to 1997.
In 2000 the AIDS Committee felt that a further revision of the model was necessary. The update was needed because of increased knowledge about the epidemic, the availability of new data against which to calibrate the model, and greater awareness of the uses to which the model was being put. It was also decided to change the naming convention to reflect the year of the latest antenatal data used to calibrate the model.
The resultant ASSA2000 model incorporated the following adjustments reflecting new or updated information about the epidemic:
• 1998-2000 antenatal clinic summary results;
• 1998 South Africa Demographic and Health Survey (SADHS) data, in particular, data on prevalence of STDs and condom usage; • improved estimates of the population; and • mortality data on the pattern and level of deaths that suggested, in particular, that non-HIV mortality for adults has not improved over time as expected.
In addition, the model was altered to:
• improve the fit to antenatal clinic survey data;
• allow for the possibility of making separate male and female assumptions; • model the population groups separately; • limit the trend in mortality and fertility rates over time; • limit future in-migration; • change the HIV survival curve to be a function of a Weibull distribution; • allow for a bimodal distribution of paediatric HIV survival; and • disaggregate the 'contagion matrix' (used in ASSA600) into more measurable and controllable parameters of heterosexual behaviour. These include the probability that a partner comes from a particular risk group, the number of new partners per annum, the number of sexual contacts per partner, the age of the partner and the probability that a condom is used.
The ASSA2000 model has been produced as a suite of several versions. The lite version, like the ASSA600 model, treats the population of the country as one group. The full version models each of the four population groups separately, at a national level, and aggregates to produce results for the population as a whole. The provincial version is an aggregation of the application of the full version of the model separately to each of the provinces. It thus allows for geographic differences in the spread of the epidemic. The ASSA AIDS Committee initially delayed the release of the provincial version pending the lifting of an embargo on the release by the Department of Health of the more detailed results of the provincial antenatal surveys for 2000. When, after many months, the Department seemed no nearer releasing the results, the Committee decided that the demand for the provincial version necessitated that it be released despite non-release of the detailed results by the Department.
For future projections, it is possible to consider a range of scenarios that would impact on the spread of the epidemic. A no change scenario and a realistic scenario have been modelled. As the course of the disease progresses and more information about it becomes available, the model structure and base scenario will be further updated and future versions of the model will be released.
Calibration
In order to ensure that the models are set up properly they are calibrated to ensure that they are consistent with the epidemic as it has been experienced to date. Calibration involves adjustments of parameters that have not been estimated independently so that the 'results' of the model more or less match observed reality. In particular, the model results should match the results of the annual antenatal clinic surveys both in terms of overall level and by age. The model results should also match the number of adult deaths estimated on the basis of those recorded by the Department of Home Affairs on the population register after adjusting for an estimate of underrecording.
Only the national model has been fully calibrated. Further data are still awaited from the Department of Health in order to finalise the calibration of the provincial versions. In the meantime, what is presented here are the results of the fits to date.
Website
The ASSA2000 models can be downloaded from the website of the Actuarial Society of South Africa at www.assa.org.za/aidsmodel.asp A user manual is also available, as well as a spreadsheet containing a summary of the output and graphs for each province and for the country as a whole.
